The aim of the study was to examine whether depression impacts medication nonadherence (MNA) over time and determine if race has a differential impact on MNA in patients with type 2 diabetes and comorbid depression.
Introduction
Type 2 diabetes affects approximately 26 million people in the United States. [1] Extensive literature exists indicating that patients with type 2 diabetes with comorbid depression have greater morbidity, higher mortality, and poorer quality of life than those with type 2 diabetes but no depression. [2] [3] [4] [5] Longitudinal studies also indicate that depression is associated with worsening glycemic control and significantly higher risk of complications over time even after adjusting for diabetes severity and self-care behaviors. [6] [7] [8] A recent meta-analysis of longitu-dinal and prospective studies showed that patients with type 2 diabetes and depressive symptoms have a significantly increased risk for all-cause and cardiovascular disease mortality, with women at the greatest risk. [9] Decreased self-care and poor medication adherence have been hypothesized to explain the association between diabetes with comorbid depression and worse patient outcomes. [10, 11] Indeed, these patients have been shown to have decreased medication adherence in several prior studies. [4, 5, 12] However, interventions successful in improving depressive symptoms do not always demonstrate similar impacts on self-care or glycemic control, indicating successful management of patients may require a greater understanding and treatment of mediating factors. [13] In addition, interventions to improve medication adherence do not always demonstrate improved glycemic control, suggesting additional factors should be assessed. [14] Few studies have investigated the link between medication adherence and comorbid depression over time, but a prospective study by Dirmaier et al in Germany found that baseline depression predicted problems with medication adherence. [12] Our research team and others have demonstrated that racial and ethnic differences exist in medication adherence among diabetic patients, and recent work suggests that differing race/ ethnicity may modify effects of depression on medication adherence. [15] [16] [17] For example, although persistent racial differences in glycemic control exist, they are not completely explained by differences in medication adherence. [18] An association was found between medication adherence and race in a Medicaid population newly starting oral antidiabetic medication. [19] In a cohort of veterans, racial/ethnic differences in the association of glycemic control varied by medication adherence. [15] In addition, a differential impact of medication nonadherence (MNA) was seen on mortality by race/ethnicity. [20] This interaction may be a significant factor in understanding ethnic disparities, but limited research has been carried out on the topic and little is known about the association between ethnicity, medication adherence, and underlying factors influencing the association. [17] Furthermore, no work has been done on the differential impact of race on medication adherence in a population with both type 2 diabetes and depression.
The purpose of this study was to examine whether depression impacts medication adherence over time and determine if race has a differential impact on medication adherence in patients with type 2 diabetes and comorbid depression. This study addresses methodological weaknesses of previous studies by using a large sample with uniformity in measurement of ethnicity, assessment for depression, and adherence to investigate the question. [17] 2. Research design and methods
Study population
A national cohort of veterans with type 2 diabetes was created by linking multiple patient and administrative files from the Veterans Health Administration (VHA) National Patient Care and Pharmacy Benefits Management (PBM) databases. Veterans were included in the cohort if they had type 2 diabetes defined by 2 or more International Classification of Diseases, Ninth Revision (ICD-9) codes for diabetes (250, 357.2, 362.0, and 366.41) in the previous 24 months (2000 and 2001) and during 2002 from inpatient stays and/or outpatient visits on separate days (excluding codes from laboratory tests and other nonclinician visits) using a previously validated algorithm.
[21] The 
Outcome
The outcome variable was MNA based on mean medication possession ratio (MPR) over the study period for each veteran. MPR was calculated for individuals using insulin combined with oral hypoglycemic agents, insulin only, and oral hypoglycemic agents only. MPR was defined as the ratio of days for which a medication (insulin or oral hypoglycemic agents, i.e., VA classes HS501 or HS502, respectively) is supplied to the total days in a specified time interval. In this study, MPR was initially calculated in quarterly (90 days) intervals for both insulin and oral hypoglycemic agents for each patient. Subsequently, an annual average was calculated by taking the mean of the 4 quarterly MPR values in each year the patient was in the study from 2002 to 2006. Finally, mean MPR was calculated across all study years and utilized in the analysis. If the MPR exceeded 1, the MPR was set to 1. An MPR value of 1 implies perfect medication adherence, whereas an MPR value of 0 would imply that no medication had been taken. A mean MPR of 80%, which is an average of 90-day window MPRs over the entire study period, means that a patient has, on average, 80% of their medication supply over the entire study period. The greater the MPR percentage within each 90-day interval, the more medication veterans had in their possession and likely took as prescribed (i.e., greater adherence). MPR was dichotomized with a cutoff value at 80% where MNA was defined as an indicator of MPR values <0.8 which are considered to imply poor adherence. [22, 23] 
Primary covariates
The primary covariate was history of comorbid depression defined based on Elixhauser's AHRQ-Web ICD-9-CM coding algorithm as reported by Quan et al for comorbid depression (300.4, 301.12, 309.0, 309.1, and 311). [24] Moreover, the VA provides comprehensive evidence-based recommendations for improving screening and treatment of depression. The systematic use of the Patient Health Questionnaire-2 (PHQ-2) and PHQ-9 to screen for depression in the VA likely reduces undiagnosed depression within the cohort. [25] The second primary covariate of Other potential confounders were location of residence, age, sex, service connected disability, marital status, and comorbidities. Age was categorized into 4 groups (<50 years, 50-64 years, 64-74 years, ≥75 years). Location of residence was classified as urban or rural with highly rural being categorized as rural. [4] Marital status was classified as single/never married, married, divorced, separated, and widowed, and region was classified based on the 5 geographic regions of the country (combining Veterans Integrated Service Networks [5] Service connected disability was defined as dichotomous (<50% vs ≥50%) serving as proxy variable to measure copay status, as has been done in multiple prior studies. [26] [27] [28] We also included comorbidity variables such as anemia, cancer, cerebrovascular disease, congestive heart failure, cardiovascular disease, hypertension, hypothyroidism, liver disease, lung disease, fluid and electrolyte disorders, obesity, psychoses, substance abuse, and others (AIDS, rheumatoid arthritis, renal failure, peptic ulcer disease and bleeding, weight loss), and were defined based on ICD-9 codes at entry into the cohort. These comorbidities, including mental health comorbidities, were defined by Elixhauser's AHRQ-Web ICD-9-CM coding algorithm as reported by Quan et al. [24] Mental health comorbidities of interest included ICD-9 diagnosis of substance abuse (292.0, 292.82-292.89, 292.9, 304.x, 305.2-305.9, and 648.3), depression (300.4, 301.12, 309.0, 309.1, and 311), or psychosis (295.x-298.x, 299.1) as defined by Elixhauser's AHRQ-Web ICD-9-CM coding algorithm. [24] Comorbidity was modeled in 3 different ways, as count, individual disease indicators and 4 categories of the overall count (none, 1, 2, 3+). The results were very similar, so results based on categories of the count of comorbidities are reported.
Statistical analysis
Generalized linear model with a logit link and Binomial distribution was estimated via generalized estimating equations to study the association between MNA and depression adjusted for covariates and the longitudinal nature of the MNA data. For each covariate, odds ratios (ORs) and corresponding 95% confidence intervals (CIs) are reported. We tested for the possibility that race/ethnicity modifies the observed association between MNA and depression using interaction terms. Because the interaction terms were significant, we performed a race/ ethnicity stratified analysis of the association between race and MNA. Additional analysis was made to examine the association between multimorbidity burden (count of comorbidities categorized into 0, 1, 2, and 3+) and MNA. To deal with missing race data, we used a full information maximum likelihood approach [29] assuming the missing race data mechanism is at random based on our previous sensitivity analysis work on missing race data. Finally, we used residual analysis to assess goodness-of-fit of each of the models. All data analyses were conducted using SAS 9.3. (Cary, NC).
Results
The study population consisted of 740,197 veterans with diabetes in 2002, including 88,895 (12.0%) who were diagnosed with depression. Depressed individuals with diabetes were younger (61.66 vs 66.15 years), more likely to be NHW, and less likely to be married than individuals with diabetes without depression ( Table 1) . Relative to those without depression, depressed individuals with diabetes were also more likely to have ≥50% service connected disability (24.13% vs 9.74%), were more likely to have each of the 13 medical comorbidities we examined, and were more likely to have diagnosed substance abuse (11.68% vs 2.65%) and psychoses (14.38% vs 2.81%).
The prevalence of MNA is shown in Figure 1 for patients with diabetes with and without depression stratified by racial/ethnic group. The prevalence of MNA was highest in 2002 across Subsequent analyses indicated that the relationship between depression and MNA was modified by race (P values for interaction terms between each race/ethnic group and depression status were all <0.0001, data not shown); hence, analyses were completed stratified by racial/ethnic group (Table 3) . Covariates included in the model are identical to those included in the model shown in Table 2 . In NHWs, the odds of MNA were higher in those with depression than in those without depression (1.14 [95% CI: 1.12, 1.15]). Results were in the same direction, but weaker in the other 3 minority racial/ethnic groups (i.e., NHB, Hispanic, and other/unknown) with ORs ranging from 1.05 (95% CI: 1.02, 1.09) in Hispanics to 1.07 in NHB as well as the other/unknown racial ethnic group. Across all race/ethnic groups, MNA decreased with calendar time and was lower in patients who had ≥50% service connected disability than in patients with <50% service connected disability. 
Conclusions
Consistent with prior research, we found that MNA was higher in depressed patients with type 2 diabetes than those without comorbid depression. However, we observed a previously unreported and significant interaction between race and nonadherence among depressed subjects. Once stratified by race, our analysis shows that depression is a more significant factor among NHW patients as compared with minority patients. However, this must be weighed in light of high levels of MNA among racial ethnic minority groups in those without depression which ranged from 34% to 47% throughout the study (Fig. 1, panel A) . Odds ratios and 95% CIs for patients with MNA on depression, adjusted for demographics.
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Rurality also seems important, as there was significantly higher MNA in Hispanic patients with diabetes living in rural areas, though this was not observed among NHW or NHB patients. First, our results support work showing medication adherence is one of several key self-care behaviors which are required for good diabetes control and optimal disease outcomes. Other behaviors include healthy diet, physical activity, and glucose selfmonitoring. Indeed, subjects with depression are more likely to report self-care control problems, lower perceived self-care ability, and lower rates of self-care adherence as well as lower quality of life and higher levels of distress. [30, 31] In a similar national cohort of type 2 diabetic patients, our research team previously reported longitudinal MPR, and were significantly lower among NHBs, Hispanics, and individuals with other/ missing/unknown race/ethnicity (6.07%, 1.76%, and 2.83% lower, respectively) relative to NHWs. Lower MPR values represent higher rates of nonadherence. Individuals with minor and major depression are also less likely to engage in leisure-time physical activity, more likely to be current smokers, and less likely to engage in preventive care such as dilated eye examinations. [32] Second, from a clinical perspective, our findings once again highlight the need for providers to be vigilant for MNA among racial and ethnic minority patients with or without depression. However, providers may also do well to consider depression among their NHW patients whose adherence has waned or to screen for adherence among patients who display depressive signs or symptoms. A number of treatment approaches have been applied to patients with comorbid depression and diabetes. These include pharmacotherapy with antidepressant medications, nonpharmacological approaches such as cognitive behavioral therapy, and health systems interventions such as collaborative care teams. [11] Each of these approaches has shown effectiveness at reducing depressive symptoms, but effects on glycemic control are less robust. For example, a majority of randomized trials of antidepressant medications in patients with comorbid diabetes and depression reported favorable trends in depression symptoms, but overall effects on hemoglobin A1c were low (À0.4%, 95% CI À0.6, À0.1; P = 0.002; 238 participants; 5 trials). [33] Several small trials have demonstrated modest effects of cognitive behavioral therapy on glycemic control among depressed diabetics. [34] [35] [36] In the Cognitive Behavioral Therapy for Adherence and Depression Trial, hemoglobin A1c values were significantly decreased among subjects receiving CBT compared with care as usual (À0.72%, P = 0.001). [32] However, a recent trial of mindfulness-based cognitive therapy failed to demonstrate any significant effects on glycemic control despite improvement in depressive symptoms, stress, and anxiety. [37] Collaborative treatment approaches are another strategy for managing patients with comorbid type 2 diabetes and depression. Katon and colleagues recently reported results of a randomized trial of an intervention utilizing nurses to provide guidelinebased, patient-centered depression and chronic disease management. They found that subjects in the intervention group had greater improvement in hemoglobin A1c (À0.58%), low-density lipoprotein cholesterol (À6.9 mg/dL [0.2 mmol/L]), systolic blood pressure (À5.1 mm Hg), and SCL-20 depression scores (À0.40 points) (P < 0.001 for the combined composite endpoint). Other trials using similar approaches are currently underway. [38] This is Table 3 Odds ratios (95% CIs) for patients with MNA stratified by race. notable because nurse-directed diabetes case management with behavioral modification is also being used in other trials focused specifically on African Americans. [39, 40] This study should be evaluated in light of certain limitations. First, our sample was of veterans receiving care at the VA and >97% male, which might seem to limit generalizability to the general population and female patients specifically. However, given the large sample size, 3% female corresponds to 16,000 female subjects included in the analysis, which provides adequate statistical power to make meaningful inferences. Moreover, although veterans may not be representative of the general population, the standardized care received within the VA removes bias often found within administrative databases strengthening the internal validity of the study. Second, we analyzed diabetes medication adherence, but we were not able to analyze medication treatment or adherence for depression, disease severity for depression, or chronological development of comorbidities including depression. In addition, we were unable to measure nonpharmacological treatments for depression such as cognitive behavioral therapy. However, prior longitudinal studies and clinical trials have demonstrated lingering effects of diagnosed depression on glycemic control despite successful treatment of depressive symptoms which are consistent with our observations. [8, 12] Third, we were unable to assess for additional self-care behaviors associated with poor diabetes control such as diabetes monitoring, diet, and physical activity. In light of our findings related to racial/ethnic differences in medication adherence in the presence of depression, future research should determine the degree to which these other factors differ. Fourth, we are limited in that we do not have information on socioeconomic status, but have controlled for service connectedness which is one indicator of access to the VA. Finally, we were limited by the use of administrative data from the VA, which restricted us to care received within the VA and limited our ability to identify onset or chronological relationship between development of depression and diabetes.
To our knowledge, the present study is the largest one to date to report the longitudinal association between depression and medication adherence among patients with type 2 diabetes. This study reinforces prior work highlighting racial and ethnic differences in medication adherence, and it adds to our understanding of the impact of depression on medication adherence among patients with type 2 diabetes. The finding of differential impact of depression on MNA by race may prove useful to both clinicians and policymakers developing treatment programs focused on racial and ethnic minority groups and rural patients.
